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Abstract.

We analyzed surveillance data of a dengue outbreak (2010) reported to the Hadramout Health Office

(Yemen) and retrospectively analyzed dengue-related epidemiological and entomological events reported in Hadramout
from 2005 to 2009. A total of 630 immunoglobulin M (IgM) -confirmed dengue cases of 982 febrile cases was reported
during the period from February to June of 2010; 12 cases died, giving case fatality a rate of 1.9%. Among febrile cases,
the highest proportion of dengue cases (37.3% ) was reported in the 15- to 24-year-old age group. The overall attack rate
was 0.89/1,000. The average number of cases reported by month over the preceding 5-year period compared with the
2010 data is consistent with endemicity of dengue in the region and supports epidemic designation for the dengue activity
in 2010. Recognition of endemic dengue transmission and potential for substantial dengue epidemics highlight the
need for consistent laboratory-based surveillance that can support prevention and control activities accordingly.

INTRODUCTION

Historically, dengue has been reported in Yemen as early
as the 19th century, and imported dengue cases from East
Africa (Zanzibar) were documented in 1872 and 1877.1% How-
ever, more frequent outbreaks of dengue have emerged since
2000, but some of these outbreaks were not well-documented
or published, which was the case in Shabwah governorate
in 2001, 2002, and 2005 and the outbreaks in Aden and Taiz
(2010). Documented outbreaks were in Shabwah governorate
(1994), Hadramout/Mukalla (2005), and Al-Hudidah gov-
ernorate (1994, 2000, 2004, and 2005).3 Furthermore, travel-
associated dengue has been reported among travelers from
Yemen to the United States and Italy.** These travel-associated
cases were caused by dengue virus (DENV) 2 and 3. Dengue
is an emerging disease in the Middle East, especially in the
Arabian Peninsula; three major dengue outbreaks were
reported from Saudi Arabia between 1993 and 2008.°

Most reported epidemics of dengue are based on symptom-
atic cases of dengue, and therefore, the true incidence of dengue
infection may be underreported because of the large proportion
of asymptomatic cases.”'* Dengue is a tropical/subtropical dis-
ease with a seasonal variation that occurs particularly during
the hot weather followed by rainy or monsoon seasons.”®

Children and young adults have been most often
affected,”'® and high seroprevalence of dengue immunoglobu-
lin G (IgG), particularly among younger age groups, along with
frequently reported outbreaks suggest dengue endemicity
within a country."! In endemic countries, dengue virus trans-
mission occurs annually but with cyclic variations largely
caused by environmental and climatic factors and human
and vector behavior.'” Underrecognition or underreporting
because of limited resources or problems of accessibility limits
the local description of dengue incidence and endemicity. Con-
sistent epidemiological and disease surveillance measurements
made on representative populations allow calculations of epi-
demic threshold, attack rate (AR), and case fatality rate
(CFR). These observations and calculations are most meaning-
ful and accurate when they are laboratory-based.®

Yemen lacks quality healthcare service and adequate
infrastructure facilities. Dengue is a neglected disease, and
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concern is focused on frequent dengue epidemics and crisis
management of the disease rather than strategic surveillance
to define true disease burden, which could lead to design
and implementation of effective control measures.

In 2010, several areas in Yemen experienced dengue out-
breaks, the most devastating of which occurred in Hadramout
coastal districts in southeastern Yemen (Figure 1). The popu-
lation in the 15 coastal districts of Hadramout is around 0.7
million. This paper describes the epidemiology of the 2010
dengue outbreak in Hadramout districts and compares it with
sporadic or aggregated dengue-related epidemiological and
entomological events from previously reported dengue activ-
ity in Yemen. This work aims to better define epidemiology of
the present outbreak of dengue in this geographically impor-
tant area of the Middle East that is positioned only a short
distance from the African horn.

METHODS

We analyzed surveillance and outbreak investigation data
of dengue in Hadramout coastal districts (2010). In addition,
we retrospectively analyzed other dengue-related data in
Hadramout (2005-2009). Dengue surveillance in this region
of Yemen is based on passive physician reports from both
public and private sectors. All physicians in public and private
hospitals, health centers, and clinics are trained in the use
of the World Health Organization (WHO) case definition
of dengue (1999) and expected to report to the Hadramout
Governate Health Office Department of Surveillance on a
standardized reporting form for dengue. Blood specimens
were collected at the health facility and then sent to the
public health laboratory for investigation for all cases
suspected on the basis of the WHO dengue case definition.
Only acute sera were available for laboratory testing, and
laboratory diagnosis was made using Panbio Commercial kit
for detection of IgM and IgG to dengue by capture enzyme-
linked immunosorbent assay (ELIZA; Panbio Diagnostics,
Brisbane, Queensland, Australia). These test kits have been
validated in the past by the Yemen Central Public Health
Laboratory in Sana, Yemen and East Mediterranean
Regional Office/WHO. The PanbiolgM capture ELISA has
a high sensitivity (99.0%) and specificity (84.4%) when
tested against the Centers for Disease Control and Preven-
tion (CDC) dengue IgM capture ELISA standard."? In addi-
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FiGure 1. Map of Yemen and location of Hadramout governorate in Yemen.

tion, for the outbreak in 2010, test results of IgM positives
(N = 189) were validated with real-time reverse transcription
polymerase chain reaction (RT-PCR) at King Abdulaziz Uni-
versity in Saudi Arabia using a Roche 2.0 light cycler. Dengue
virus genome was amplified using oligonucleotide primers, and
PCR products were detected using labeled hybridization
probes (20 pmol/uL each primer; Madani T, personal commu-
nication). The following epidemiological variables were used in
our analysis: demographic variables (age, sex, and residence),
number of cases, number of deaths, and serological data (IgM
and IgG). We measured age- and demographic-specific AR to
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describe the outbreak. We were able to establish average den-
gue case identification per month for a 5-year period of surveil-
lance based on the reporting system described above (Figure 2).
The dengue cases were reported based on the onset of the
symptoms and specifically, the onset of fever. In addition,
we used the proportion of IgG+ coinciding with IgM+ cases
during the 2010 outbreak to estimate the likelihood of ende-
micity of the outbreak.

To estimate the epidemic threshold using entomological
data, vector control variables were used. (1) Container index
(CI) is the percentage of water-holding containers infested
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with active immature mosquito larvae. (2) House index (HI) is
the percentage of houses infested with larvae and/or pupae.'*
Entomological investigation was conducted by the malaria
control program (Hadramout office) during the period from
February to July in 2010, and it targeted all of the affected
districts in Hadramout and mainly Mukalla city (the capital of
Hadramout). The mosquito species were collected from both
outdoor and indoor water containers. At the beginning of the
outbreak, 149 houses and 293 water containers were investi-
gated entomologically for Aedes aegypti larvae. At the end of
outbreak, a total of 15,665 houses and 20,441 water containers
were investigated. There is no standard cutoff point for HI
and CI, because critical thresholds of these indices have never
been developed for dengue. HI of 15% and CI of 10% were
used as thresholds for Ae. aegypti transmission of yellow fever
in urban areas of central and northern South America. Practi-
cal use of these thresholds in Singapore was taken as addi-
tional justification for using HI at 15% and CI at 10% as
predictive of potential dengue virus transmission to humans.'*

Statistical analysis of proportions by y? test with a P < 0.05
level was deemed significant.

RESULTS

Our results are based on 630 laboratory-confirmed IgM
cases of 982 suspected and serologically tested cases reported
between February and June of 2010 (Table 1). PCR testing
by King Abdulaziz University confirmed 163 of 189 (86.2%)
samples collected early in the 2010 outbreak. All of the
PCR-confirmed specimens were DENV 3. A total of 172 of
630 cases in this outbreak had positive results for both IgM
and IgG, indicating a moderate level (27.8%) of secondary
infection among acutely infected patients. Among 352 IgM-
negative tests from suspected cases, 147 tests were IgG+,
indicating a previous infection rate of 42.8% in this subgroup
of febrile patients.

The time lapse between fever onset and drawing of blood
specimens was a mean of 3.18 days and a median of 3 days
after onset of fever.

Among the 630 IgM-confirmed cases, 201 (32%) cases were
hospitalized, 15 cases had hemorrhagic manifestations (DHF),
and 12 cases died; therefore, the CFR was 1.9%. Also, only
two cases of DHF were also IgG-positive. Analysis by age,

sex, and residence showed a significantly high proportion of
cases in young adults (58.5% in the 15- to 34-year age group),
males (65%), and urban residents (92%) (Table 1). Nearly
one-third of cases (31.6%) occurred in children < 15 years
old. The reported overall AR was 0.89/1,000. Significant vari-
ation was observed in AR (1.5/1,000) for ages 15-34 years,
male gender (1.12/1,000), and urban residence (1.38/1,000).
However, substantial proportions of dengue positivity were
seen among females and rural residents with low calculated
AR. Table 1 shows that the proportion of IgM+ febrile cases
is over 60% in most demographic categories. The AR, based
on confirmed cases, more accurately predicts population at
risk than use of the proportion of IgM-positive tests derived
from suspect cases who presented as febrile patients.

We were able to estimate the level of endemicity of dengue
in Hadramout using surveillance data collected between 2005
and 2009 (Figure 2) that established a consistent occurrence
over 5 years; during this time, only 1 month of the year
reported no cases in the Hadramout region. Additionally,
data presented in Table 2 using entomological thresholds to
define the epidemic threshold in this outbreak show HI and
CI of 50% and 40%, respectively, at the beginning of the
outbreak, exceeding the previously reported epidemic thresh-
old for vector parameters associated with outbreaks. By the
end of the outbreak, these two indices had declined to HI and
CI of 0% and 2%, respectively, after applying integrated vec-
tor control measures and health education activities to lessen
public exposure to transmitting mosquitoes. IgG positivity
proportion increases in an age-specific fashion to 21% or more
of the population up to age 35 years (Table 1), and 27.3% of
IgM-positive cases in this outbreak were also IgG-positive.
These observations are consistent with a moderately high
level of secondary infections and moderate endemic transmis-
sion between 2005 and 2009 followed by a DENV 3 epidemic
in Hadramout in 2010.

DISCUSSION

Here, we have described and substantiated the dengue
fever outbreak in Hadramout (2010) that dramatically
exceeded the epidemic threshold indicators shown in Fig-
ure 2. Endemicity of dengue fever in Yemen is further sub-
stantiated by the rising proportion of IgG to dengue as the

TaBLE 1

Demographics, febrile cases, dengue cases, and age-, sex-, and residence-specific attack rates of dengue outbreak in Hadramout in 2010

IgM+ cases

Dengue IgM-positive cases

Dengue positivity rate

Demographic characteristics Population Total fever cases reported (%; N =630) (%) among febrile cases by IgM Attack rate/1,000 IgG+ sera (%)
Age (years)
<5 107,595 37 27 (4.3%) 27/37 (73.0) 025 14 (4.4%)
5-14 213,773 271 172 (27.3%) 172/271 (63.5) 0.80 92 (28.8%)
1524 148,650 370 235 (37.3%) 235/370 (63.5) 1.58% 114 (35.7%)
25-34 89,190 199 134 (21.3%) 134/199 (67.3) 1.50 69 (21.6%)
35-54 190,414 292 56 (8.8%) 56/292 (65.1) 0.55 28 (8.8%)
>55 47,427 12 6 (1%) 6/12 (50.0) 0.13 2(0.6%)
Sex
Male 364,547 640 408 (64.8%) 408/640 (63.8) 1.12% 197 (61.7%)
Female 343412 342 222 (352%) 222/342 (64.9) 0.65 122 (38.3%)
Residence
Urban districts 419,249 890 579 (91.9%) 579/890 (65.1) 1.38%* 273 (85.5%)
Rural districts 288,610 92 51(8.1%) 51/92 (55.4) 0.18 46 (14.5%)
Total 707,859 982 630 630/982 (64.2) 0.89 319

* P <0.001.
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TABLE 2

Comparison of entomological and endemicity indicators (IgG proportions) between the 2010 outbreak and previously reported dengue outbreaks

in Hadramout districts

Dengue outbreaks in Yemen

House index (%) Container index (%) Total reported febrile cases  IgM positivity rate (%) IgG positivity rate (%) Entomological threshold level*

Hadramout (February 50 40 982
to July 2010)

Hadramout (May 2005)+ 50 29 128

Hadramout (July 2006)+ 31 29 562

64 31 Exceeded
23 7 Exceeded
24 21 Exceeded

*Entomological threshold level was 15% for HI and 10% for CI.

1The source of data is the Malaria Control Program of the Health Office in the Hadramout region.

population ages and a 27.3% secondary infection rate
described in the current outbreak. We believe that this rate
of IgG positivity is a fair indicator of secondary infection
rate in this case, because the specimen gathering was so early
in the febrile illness (i.e., at an average of 3.18 days). Fre-
quency of outbreak occurrence in the past few years has
increased compared with rare sporadic cases reported before
the year 2000, supporting our speculation of dengue ende-
micity in the country. Most cases in Hadramout occurred in
the spring and summer. This seasonal variation is similar to
the pattern of dengue occurrence in Saudi Arabia.'> Previ-
ously unpublished data document presence of DENV 2 and 3
in Yemen before this outbreak. Using AR based on laboratory-
based surveillance, we have identified risk groups as part of an
early warning system that has been previously recommended.’
AR for male and urban residency is high, whereas proportion
based on febrile cases failed to identify these variations. This
finding indicates the necessity of the use of the area popula-
tion as a denominator as opposed to institution-based num-
bers, such as reported fever cases, to maximize efficiency of
public health interventions.

The work by Guha-Sapir and Schimmer'® reported that
there is evidence for increasing infection rates among adults,
which is contrary to the popular belief that dengue is a pedi-
atric disease; they also report that three independent studies
in India and Singapore found nearly two times the number of
male patients compared with females,'® which is similar to the
results reported in Saudi Arabia.!>1718

The high proportion of infection in males and young adults
in this study has two likely explanations. (1) The outbreak
occurred in the hot season with high humidity, making people
spend more time outside of their houses, especially at early
morning and early evening. (2) Most females wear heavy
clothes and cover most of their body, protecting them from
mosquito bites, and they are culturally less likely to be outside
the home compared with their male counterparts.

The work by Khan and others’ suggests that, during an
epidemic period, increased CFR up to 5% can be expected.
However, with improved healthcare services and clinical case
management, it is expected that CFR will be less than 1%.’
The reported 1.9% CFR in the present outbreak is still high
and is an indicator either of virulence of the infectious agent
and/or poor case management and lack of healthcare services
in the country.’

Entomological indicators such as HI and CI are used rou-
tinely for vector control activities in denguen; increase of
these indicators above the threshold (15% for HI and 10%
for CI) is used for considering the start of vector control, but
indicators above the threshold indicator levels are not always
followed by dengue outbreaks. In South Vietnam, entomolog-
ical indices were used as a predictor for pre-epidemic periods;

however, dengue in Vietnam is endemoepidemic throughout
the entire country.'® Neither research nor regular surveillance
has been done in Yemen in the past to monitor the correlation
between entomological indicators and trends of dengue out-
breaks. High prevalence of dengue IgG in suspected cases
during outbreaks suggests previous exposures and back-
ground endemicity preceding an outbreak.''° Here, we note
that there was a marked rise in CI and HI that coincided with
the outbreak. These indicators dropped dramatically in con-
junction with increased vector control efforts. This finding
suggests that vector control measures can be useful, even in
the evolution of disease patterns from endemic to epidemic, if
there is accurate and timely surveillance information. Most
especially, where dengue virus transmission is endemic, there
is a strong need to strengthen both laboratory-based surveil-
lance and entomological surveillance.

The limitations of this study are that the data are passively
reported suspect cases. However, the response of local pro-
viders was quite rapid, which was shown by the short time
between onset of febrile illness and specimen collection, indi-
cating a high level awareness of dengue and its importance in
Hadramout. Our study was largely limited to single acute
samples tested for IgM, which is partially detectable from the
third day of fever, and IgM increases over the next 2 days.
Hence, we have likely missed some cases by capturing disease
in the early febrile period; this time is when viremia is high,
but antibody response is not yet maximal.”!

However, highly sensitive PCR testing on roughly one-third
of our samples confirms the validity of the IgM positivity
identified in the febrile period in which our serologic samples
were drawn.*>>

Our serological assays were not all RT-PCR—confirmed,
and therefore, we cannot rule out cross-reactions with other
arboviruses circulating in the country. Cross-reactions could
lead to an overestimate of dengue virus transmission. We did,
however, validate the use of the Panbio kits at the Central
Laboratory in Sana, and a subset of nearly one-third of IgM-
positive cases was tested by RT-PCR at King Abdulaziz Uni-
versity in Saudi Arabia. The high reliability of IgM positivity
and confirmation that IgM was reflective of dengue in 86.2%
of the specimens retested by RT-PCR gives us confidence in
the overall validity of the data reported here as a conservative
estimate of the size of the outbreak.

Regarding entomological surveillance, a limitation is that
the entomological indicators are simply indicators of vector
activity that are indirectly predictive of potential dengue
virus transmission, and there is no straightforward linkage
between entomological indicators and occurrence of an out-
break. Indeed, increasing immunity to given serotypes in the
population will perhaps make the indicators less reliable.
There is no formula for adjusting for background endemicity,
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because there are newly unexposed individuals born into the
population each year. The entomological surveillance that we
report, however, seems to correlate well with this outbreak
and its resolution.

CONCLUSIONS

Burden of dengue in Yemen is not as high as in dengue-
endemic Asian or South American countries, but dengue
seems to be emerging. The reported dengue outbreak in
Hadramout (2010) indicates the potential threat of dengue as
a public health issue. Data on entomological threshold trends
and endemic disease status for a 5-year period as presented
here support this prediction. Like in some other dengue-
endemic countries, such as Singapore and Brazil, increased
susceptibility among young adults in urban settings was
observed. Learning lessons from Asia and South America
should help to focus prevention and control activities based
on epidemiological indicators, such as disease epidemic and
endemic status and age-specific attack rates in the country.
Furthermore, it is important to consider entomological indica-
tors for vector control for dengue given our data on changing
CI and HI in the context of an outbreak and the public health
vector control response to that data. Use of good laboratory-
based dengue surveillance in conjunction with vector control
measures will lead to more effective dengue control activities,
particularly in resource-scarce settings.
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